Abstract-This paper provides comprehensive comparison of the iterative multiuser detection techniques for code devision multiple access (CDMA) and interleave division multiple access (IDMA). We investigate the performance in various scenarios such as user-asynchronism, multipath channels, near-far problem, and overloaded scenarios. We develop our system model which is general enough to take into account the above mentioned scenarios as well as being capable of incorporating aspects relevant to these access schemes. We provide formal descriptions of both schemes using our system model that illuminates the similarities and differences of the two different schemes. Computer simulations are performed in a variety of scenarios. It is observed that IDMA performs better than or as good as CDMA despite its simplicity.
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I. INTRODUCTION
In light of great success in turbo coding and decoding [1] , the iterative decoding approach ("turbo principle") has been applied in a wide variety of detection and decoding problems such as equalizations and multiuser detections. Our focus in this paper is a multiuser detection (MUD) which, together with maximum a posteriori probability (MAP) decoder, iteratively mitigates multiple access interference (MAI) and also inter symbol interference (ISI), if the channel is frequency selective. MUD techniques have been intensively studied, especially in the area of CDMA systems. In [2] an optimal iterative MUD for synchronous CDMA has been derived. However, the complexity of this method is prohibitive for medium to large number of users. In [3] an iterative MUD for asynchronous CDMA has been proposed. This MUD applies an instantaneous minimum mean square error (MMSE) filter which is computed based on channel state information and a priori information provided from the previous decoding stage. This scheme realizes a good trade-off for the performance and its complexity.
Yet another attractive multiple access scheme was recently proposed, so called IDMA [4] , [5] . In contrast to CDMA, which separates users by user specific signatures or spreading codes, distinct interleavers are the only means to separate users for IDMA. The detection algorithm for IDMA requires complexity significantly less than that of [3] for CDMA. The performance reported, e.g. in [4] - [7] , is surprisingly good despite its simplicity. However, there has been no serious comparison between CDMA and IDMA. We are particularly interested in the performance for asynchronous communications (user asynchronous and multipath channel) and in near-far scenarios. These aspects are important for systems where perfect synchronization and power control are difficult to achieve or too costly. The uplink of cellular systems and decentralized systems are a few examples. We will also investigate the bandwidth efficiency of both systems in overloaded scenarios where the number of users exceeds the spreading factor for CDMA.
Our investigation is based on [3] which provides us with a useful system model for algorithm development. However, for multipath channels it restricts us to use spreading codes which are constant over symbols within every transmission frame (cf. Section V.A. in [3] ). Therefore, in Section II we start our discussion with constructing our system model which can be commonly used for CDMA with scrambling code capability and also for IDMA. Then, we briefly review the iterative MUD for CDMA in Section III. In Section IV we re-derive the iterative MUD for IDMA in [8] using our system model in a similar way in Section III in order to enlighten differences and similarities of IDMA to CDMA. In Section V CDMA and IDMA are compared by means of computer simulations in various scenarios. This paper is summarized in Section VI.
II. SYSTEM MODEL We consider the discrete-time baseband system model illustrated for CDMA and IDMA in Fig. 1 
III. ITERATIVE MULTIUSER DETECTION FOR CDMA
We briefly review the iterative multiuser detection for CDMA based on MMSE filter proposed in [3] . The receiver structure of the iterative detection for CDMA is illustrated in Fig. 3 . The MUD computes a posteriori log-likelihood ratio 
The The multiuser detection for IDMA can be found, e.g. in [8] . Here, we re-formulate it following the development for CDMA in the previous section in order to show its difference and similarity to CDMA. The receiver structure of the iterative detection for IDMA is illustrated in Fig. 4 Fig. 5 shows the BER performance of CDMA with/without scrambling code and IDMA on AWGN channel where K = 4 users are asynchronous with the user specific delays of Tk = k-I for k = 1 2,3,4. The BER in this figure is averaged over 4 users and plotted for two cases: before any iteration and after 8 iterations. The performance without iteration can be regarded as the conventional non-iterative detector's performance. The single user performance is also plotted for the comparison. Without iteration the performance for all schemes is poor. Note that without iteration IDMA does not apply any interference cancellation because the soft interference cancellation is inactive (no a priori information from the decoder) while CDMA applies MMSE equalizer which mitigates the interference. Therefore, the performance of CDMA is much better than that of IDMA without any iteration. Although CDMA with scrambling code performs best amongst all, it is still far from the single user bound. Even those small amounts of user asynchronism (maximum of 3 chips out of the frame length of 1056 chips) break the orthogonality of users for CDMA on the perfectly synchronous AWGN channel (no ISI).
The performance of all the schemes, however, approaches the single user bound after 8 iterations. IDMA performs best in spite of the least amount of computational efforts required at the receiver. We assume quasi static channel and ideal channel estimation at the receiver. All users transmit their data synchronously (-rk = 0 Vk). Plotted is the performance averaged over all users after 8 iterations. The BERs before and after 8 iterations are plotted over Eb/NO. The single user performance is plotted for the companson as well. It is well known that conventional non-iterative detection for multiple access schemes of CDMA-type experiences the near-far problem when the transmit power control is not performed. That can be clearly observed from the figure. The weak user heavily suffers from strong user's signal and the performance degrades severely. The performance of all the schemes drastically improves iteration by iteration and it approaches the single user bound. The iterative detection brings more benefits to the weak user than to the strong user because after every iteration the strong user's signal can be detected more reliably, and therefore can be cancelled out from the weak user's signal (soft interference cancellation) with low probability of error. Fig. 8 shows the BER performance of the strong and weak users on multipath channel in the near-far scenario. The channel parameters are the same as described for Fig. 6 . The transmit power for the first and second users is 3 dB higher than that for the third and fourth users. Similar to AWGN channel, the performance approaches the single user bound after 8 iterations and the weak users get more benefit than the strong users by the iterative detection. We started our investigation with constructing our system model which is capable of using scrambling code for CDMA and also incorporating our main interests such as user asychronism, near-far scenario, and frequency selectivity of the channel in a convenient way. Using the system model the iterative MUD for CDMA applying the instantaneous MMSE filtering was briefly reviewed. Then, we re-derived the iterative MUD for IDMA in a similary way of the development for CDMA.
By doing so, the similarity and difference between CDMA and IDMA were illuminated. We evaluated both techniques by means of computer simulations in various scenarios such as user asynchronism, multipath channel, near-far problem, and overloaded systems. In all the scenarios we evaluated, IDMA performs better than or as good as CDMA despite its simplicity.
